AD 


Award  Number:  W81XWH-06-1-0191 


TITLE:  Targeting  Androgen  Receptor  Function  by  MicroRNA  in  Prostate  Cancer 


PRINCIPAL  INVESTIGATOR:  Girish  C.  Shukla,  Ph.D. 


CONTRACTING  ORGANIZATION:  Cleveland  Clinic  Foundation, 

Cleveland,  OH  44109 


REPORT  DATE:  July  2008 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

USAMRMC 

a.  REPORT 

u 

b.  ABSTRACT 

u 

c.  THIS  PAGE 

u 

uu 

7 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Table  of  Contents 


Page 

Introduction .  4 

Body .  4 

Key  Research  Accomplishments .  5 

Reportable  Outcomes .  5 

Conclusion .  5 

References . 

Appendices . 


3 


INTRODUCTION: 


Prostate  cancer  is  the  most  commonly  diagnosed  and  second  most  deadly  cancer  in  North  American  men. 
Androgen  receptor  (AR)  protein  plays  an  important  role  in  the  development  and  progression  of  prostate  cancer. 
Blockade  of  androgen  action  through  the  AR  has  been  the  cornerstone  of  systemic  therapy  of  prostate  cancer. 
However,  the  effectiveness  of  this  therapy  is  rather  transient  which  inevitably  fails  and  tumor  growth  resumes 
despite  androgen  blockade.  The  failure  of  AR  receptor  antagonists  results  in  higher  levels  of  AR  which  is  one  of 
the  causative  factors  of  the  development  of  androgen-independent  prostate  cancer.  We  proposed  the  utilization 
of  micro  (mi)  RNAs  to  blockade  the  expression  of  AR  in  prostate  carcinoma  cells.  Our  goals  are  to  identify 
naturally  occurring  miRNAs  that  affect  the  activity  of  AR  and  to  improvise  their  efficacy  by  rational  RNA- 
RNA  interactions  (between  miRNA  and  3’  mRNA  region  of  AR)  to  provide  novel  ‘therapeutic  miRNAs’  which 
can  target  the  expression  of  AR. 

BODY: 

Task  1.  To  examine  if  androgen  receptor  (AR)  translation  is  modulated  by  a  naturally  occurring  hsa-mir- 
183  microRNA  (miRNA)  and  to  validate  that  the  3’UTR  of  AR  is  a  bona  fide  target  of  miRNA  using 
chimeric  luciferase  reporter  constructs  (Months  1-12). 

Task  la  Proposed  Work:  Design  and  commercial  acquisition  and  subsequent  overexpression  of  synthetic 
miRNAs  by  transient  transfections  into  LNCaP  cells  and  investigation  of  AR  expression  levels  by  Western  blot 
using  anti-AR  antibodies.  Confirmation  that  hsa-miR-183  is  involved  in  AR  translational  control  will  be 
achieved  (Months  1-3). 

We  have  cloned  genomic  regions  coding  miRNA  and  putative  cis  elements  into  lentiviral  vectors  as  well  as  in 
eukaryotic  expression  vector  pcDNA  to  examine  their  effect  in  AR  protein  repression  in  prostate  carcinoma 
cells  LNCaP  (see  below). 

Task  lb  Proposed  Work:  Development  of  multiple  test  and  control  luciferase  reporter  expression  constructs, 
each  with  an  engineered  3  ’  untranslated  region  (miRNA  targeted  sequences)  of  AR  cloned  downstream  of  the 
stop  codon  of  luciferase  cDNA.  Chimeric  luciferase  and  appropriate  control  reporter  constructs  will  be  ready 
(months  1-6). 

We  have  synthesized  the  luciferase  reporter  with  androgen  receptor  3  ’  UTR  cloned  in  the  downstream  of  the 

stop  codon.  We  have  chimeric  luciferase  and  it  function  was  tested 
in  transiently  transfected  cell  culture  system.  Results  are  shown 
below; 


Figure  1  Testing  of  firefly  luciferase  containing  3’  UTR  of 
androgen  receptor  in  transiently  transfection:  Firefly  luciferase 
with  or  without  3’  UTR  of  AR  along  with  appropirate  controls 
were  transiently  trasnfected  in  CHO  cells  using  polybrene.  Cells 
were  DMSO  shocked  8  hours  posttransfection  and  cells  were 
harvted  at  48  hours.  Total  protein  lysates  were  prepared  and  equal 
amount  of  proteins  from  the  each  transfected  wells  were  used  to 
perform  dual  luciferase  assay.  To  repress  the  expression  of  firefly  luciferase  expressing  AR  3’  UTR  we 
cotransfected  pcDNA  miR-488.  All  assays  were  performed  in  triplicates  and  ratio  of  firefly  and  renailla 
luciferase  were  plotted.  pcDNA  clone  expressing  miR-488  was  unable  to  repress  the  expression  of  firefly 
luciferase  as  shown  in  “3’UTR+488”  in  Figure  1.  Nonetheless,  this  expreiment  established  that  our  chimeric 


14  j- 

Average  ratio 

12  — 
u  10 

J  * 

- 1 . — 

B  « 

1 1  1 1 1  1  1 

2 

/■  /  f  jk  /  yj? 

//>■  _ . 

*  V  /■'  *  Figure  1 

4 


firefly  luciferase/AR  3’UTR  is  able  to  express  luciferase  in  heterologus  CHO  cell  culture  systesm.  Therefore, 
we  successfully  achieved  the  Task  lb. 

Task  lc  Proposed  Work:  Confirmation  that  AR  3’  UTR  sequences  containing  chimeric  luciferase  reporter 
constructs  are  responsive  to  ectopically  expressed  synthetic  miRNAs.  Optimization  of  reporter  assays, 
evaluation  of  target  specificities  and  interactions  between  target  sequences  and  miRNAs  will  be  achieved 
(Months  6-8). 

Currently,  we  are  in  the  process  of  optimization  of  chimeric  firefly  luciferase  and  renilla  luciferase  in  order  to 
test  the  effect  of  ectopically  expressing  miRNAs.  Also,  we  are  optimizing  transfection  of  pcDNA  miR-124a, 
pcDNA-183  and  pcDNA-488  with  chimeric  firefly  luciferase  in  transient  transfection  system.  In  addition,  we 
will  generate  stably  expressing  luciferase  under  Puromycin  selection.  This  would  enable  us  to  expedite  our 
transfection  experiments. 


Additional  Work  Done:  We  have  generated  Hsa-miR-183,  Hsa-miR-124a  and  Hsa-miR-488  expressing 
lentiviruses  for  stable  expression  in  LNCaP  cells.  During  this  period  we  tested  if  stable  overexpression  of 
miRNAs  in  LNCaP  cells  can  target  the  AR  mRNA  to  modulate  the  protein  synthesis. 


We  have  cloned  the  coding  regions  encompassing  genomic  sequences  into  Lentiviral  vectors.  Virus  expressing 
miR-183,  miR-124a  and  miR-488  were  generated  in  293  T  cells.  Viruses  were  purified  and  concentrated 
utilizing  established  protocols.  The  purified  viruses  were  dissolved  in  RPMI  1640  medium  and  LNCaP  cells 
were  transduced  using  these  viruses.  RNA  and  protein  lysates  were  produced  from  these  cells  to  perform  qRT- 
PCR  and  Western  Blot  to  detect  the  effect  of  miRNAs  on  the  RNA  and  protein  levels  of  Androgen  receptor 
respectively.  No  significant  knockdown  of  AR  protein  was  observed  in  LNCaP  cells  as  compared  to  no  virus 

lanes.  It  is  possible  either  these  miRNA  are  not  being 
produced  by  lentiviruses  or  AR  is  not  a  target  of  hsa-miR- 
124  and  hsa-miR-183  miRNAs  when  transfected 
individually.  To  check  if  viral  system  is  producing  hsa- 
miR-124  and  hsa-miR-183  expression  we  performed 
Northern  Blot,  however  unable  to  detect  the  expression  of 
these  miRNAs.  Ribonuclease  protection  assays  will  be 
done  to  establish  if  miRNAs  are  being  expressed  from 
lentiviruses. 


Figure  2a 
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Figure  2  A:  Western  Blot  of  AR  protein  prepared  from  cells  expressing  miR-124  and  miR-83:  A  time 
course  of  24  hours,  48  hours  and  72  hours  was  done  to  study  the  affect  of  ectopic  miR  expression  on 
endogenous  LNCaP  AR.  NV-  No  Virus  transduced  in  LNCaP  cells,  GFP  -  cells  were  transduced  with  green 

fluorescent  protein  expressing  lentivirus,  miR-124 
and  miR-183  corresponds  to  miRNAs.  Beta  actin 
was  used  as  loading  control. 


Figure  2B:  Quantitation  of  AR  protein  in 
lentiviral  mediated  LNCaP  cells:  The  histogram 
was  plotted  on  the  values  of  AR  protein  bands 
shown  in  Figure  2a  as  determined  by  densitometric 
scans  and  image  quant  program.  The  miR-124  and 
miR-183  shows  a  reduction  in  AR  protein  level  at  72 
hours  as  compared  to  24  hours.  Currently,  we  are  in 
the  process  of  repeating  the  experiment. 
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miR  Mediated  Repression  of  AR  in  LNCaP  cells 


Figure  2b 
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Figure  3a  and  3b:  These  Figures  are  essentially  the  similar  to 
experiment  shown  in  Figures  2a  and  2b  except  in  this  experiment 
we  tested  lentiviral  miR-488  expression.  As  shown  in  the  panel  3b 
‘488-72’  marked  reduction  of  AR  protein  was  observed.  Currently, 
we  are  in  the  process  of  repeating  the  experiments. 


Figure  3a 
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Figure  3b 


Task  Id  Proposed  Work:  Rational  design  and  testing  of  designer  miRNAs  that  can  modulate  the  expression 
of  AR  3’  UTR  containing  chimeric  luciferase  reporter  constructs.  (Months  8-10). 

Work  Done:  All  the  experiments  stated  above  will  be  repeated  and  a  miRNA  which  can  maximally  repressed 
the  expression  of  endogenous  LNCaP  AR  and  also  represses  the  firefly  luciferase  expression  in  CHO  will  be 
rationally  ‘redesigned’.  This  will  be  done  by  increasing  or  decreasing  the  RNA:RNA  base-pairing  interaction 
between  the  3’  AR  UTR  target  and  miRNA.  So  far,  miR-488  appears  to  be  a  better  candidate  miRNA  that  has 
potential  to  knockdown  the  expression  of  miRNA  at  greater  levels. 

Task  2. 

Proposed  Work:  Development  of  an  inducible  miRNA  based  cell  culture  model  system  to  target 
translational  knockdown  of  endogenous  androgen  receptor  in  prostate  carcinoma  LNCaP  cells. 

Work  Done:  Since  last  report,  we  got  one  step  closer  in  the  identification  of  a  miRNA  which  can  target  the 
expression  of  AR.  However,  we  are  not  able  to  confirm  miRNA  mediated  effect  of  AR  in  cell  based  assays. 
Once  we  identified  a  miRNA  using  above  mentioned  techniques,  and  identify  its  role  in  cellular  assays,  we  will 
subclone  that  miRNA  in  inducible  expressing  systems  in  and  test  for  it  functionality  in  the  prostate  carcinoma 
cell  culture  system.  This  specific  aim  is  depend  on  the  success  of  Task  Id. 

PROBLEMS:  The  funds  from  this  grant  mechanism  are  ended  and  it  is  in  “no  cost”  extension  mode.  We  have 
applied  for  more  funds  from  PCRP  funding  mechanism  to  continue  to  work  on  this  project.  However,  currently 
we  have  very  limited  resource  to  continue  to  fund  this  project.  A  final  report  stating  all  the  accomplishment  will 
be  submitted  in  2009.  However,  below  we  describe  interim  accomplishment  of  the  project. 

KEY  RESEARCH  ACCOMPLISHMENTS:  Lentiviral  expression  vectors  expressing  miR- 124,  miR- 183 
and  miR-488  are  available.  We  also  have  chimeric  firefly  luciferase  with  AR  3’  UTR  construct.  As  a  proof  of 
principle  we  have  tested  the  expression  of  chimeric  luciferase  in  CHO  cells.  The  optimization  of  miR  and 
chimeric  firefly  luciferase  will  be  pursued,  if  we  are  able  to  generate  sufficient  funds. 
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REPORTABLE  OUTCOMES:  As  of  now,  we  do  not  have  reportable  outcomes  from  this  funding.  However, 
to  continue  to  build  upon  the  knowledge  and  resources  we  have  gained  during  this  period,  I  have  applied  for 
New  Investigator  Award  from  PCRP. 

CONCLUSION:  We  have  developed  reporter  constructs  expressing  multiple  miRNAs  and  have  opportunity  to 
test  for  their  efficacy  in  AR  inhibition  in  prostate  cancer  cells.  The  experimental  identification  of  miRNAs 
which  maximally  repress  the  translational  activity  of  the  AR  and  further  improvisation  in  their  design  will  allow 
us  to  develop  a  subset  of  “AR  antagonist  miRNA”. 

SO  WHAT:  The  knowledge  gained  from  our  efforts  so  far  indicates  that  our  project  is  heading  in  right 
direction.  However,  we  are  unable  to  sustain  the  momentum  due  to  lack  of  funds  and  personnel.  We  would  be 
able  to  use  our  constructs,  if  resources  allow,  in  blockading  the  expression  of  AR  in  prostate  carcinoma  cell 
model  systems,  and  perhaps  in  mouse  model  of  prostate  cancer. 
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